Background: Postoperative delirium (POD) is common after surgery. As age is a known risk factor, the increased ageing of the population undergoing surgery emphasizes the importance of the subject. Knowledge of other potential risk factors in older patients with surgical gastrointestinal diseases is lacking. The aim here was to collate and synthesize the published literature on risk factors for delirium in this group. 
Introduction
Delirium is defined as an acute clouding of consciousness, linked to an underlying physiological disturbance. It is a multifactorial and heterogeneous syndrome that is associated with substantial morbidity and economic cost 1, 2 . It is common after major surgery and in critical care settings 3 . The diagnosis is made clinically when diagnostic criteria set out in the Diagnostic and Statistical Manual of Mental Disorders (DSM) are fulfilled 4, 5 . A number of validated diagnostic tools have been created for clinical practice 6 . Commonly used delirium assessment tools, such as the Confusion Assessment Method (CAM) 7 and Delirium Rating Scale (DRS) 8 , are summarized in Table S1 (supporting information) 5,7 -10 . A meta-analysis 11 of hospital inpatients found that a single episode of delirium doubled the odds of death. The recognition of this clinical impact of delirium has led to increasing research interest. There are few effective treatments for established delirium, but postoperative delirium (POD) and its associated effects can be reduced by one-third with prevention strategies and early recognition 7, 8 . Prevention strategies require an understanding of the factors that predict delirium; many Potentially relevant studies identified and screened for retrieval n = 1183
Studies retrieved for more detailed evaluation n = 44
Studies excluded as not relevant to question n = 1139
Potentially appropriate studies to be included in meta-analysis n = 11
Studies included in meta-analysis n = 9
Studies excluded n = 33 Not a risk factor study n = 2 Inappropriate study design n = 4 Incorrect age criteria n = 4 Majority of patients not general surgical n = 23
Studies excluded from meta-analysis as they reported only a limited number of risk factors, with little or no overlap with other studies and/or limited numerical data n = 2 have been suggested, with variable levels of supporting evidence 12, 13 . The 2010 National Institute for Health and Care Excellence (NICE) delirium guidelines 14 described four main risk factors: age over 65 years, and having an acute hip fracture, serious illness or pre-existing cognitive impairment. The guidelines were developed from studies of patients aged 18 years and above in a wide variety of care settings, making it difficult to extrapolate to a specific clinical setting or patient population. Delirium can be divided into prevalent or incident types: delirium occurring before or after admission to hospital respectively 13 . In surgery, POD is commonly used to describe incident delirium. Age is consistently found to be a significant independent risk factor but, with the rising number of older, frail patients undergoing major surgery 15, 16 , identification of other risk factors could improve preoperative prediction 17 . Previous research has focused on orthopaedic and cardiothoracic specialties, with gastrointestinal surgery being underrepresented 12,18 -20 . The aim of this systematic review was to identify key risk factors for delirium in elderly patients undergoing gastrointestinal surgery. Historically, reviews of studies on POD reported lack of consistency in the definitions and methodological approaches used, small sample sizes and broad clinical populations 13,18 -20 . Identifying risk factors for POD will help to develop and target prevention strategies and resources in patients with surgical gastrointestinal disease.
Methods
The guidance in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 21 statement was followed and the review protocol registered with the PROSPERO database 22 (http://www.crd.york.ac.uk/ PROSPEROFILES/14810_PROTOCOL_20150023.pdf). All aspects of paper selection and quality assessment were performed by two independent authors. The results were compared and any disagreements were reviewed by a third author.
The population of interest was elderly patients undergoing elective or emergency gastrointestinal surgery. The main outcome was the development of POD diagnosed using a validated delirium assessment tool (Table S1 , supporting information). Search terms were based on medical subject heading (MeSH) terms and other controlled vocabulary. A concepts-based approach was used, with terms relating to surgery, delirium and risk factors, with a search filter for older adults. The full search strategy is outlined in Appendix S1 (supporting information). To ensure a comprehensive search, urological and vascular terms were included in the search criteria in case of mixed surgical population studies; it was predicted that any such studies would probably include larger numbers, but to ensure relevance they needed to include at least 50 per cent gastrointestinal surgery. POD can occur either early or late after surgery, so the duration of follow-up was not defined in the inclusion criteria, but was noted in the analysis, and used to assess quality and risk of bias. Studies based Postoperative delirium among older patients undergoing gastrointestinal surgery e23 solely in intensive care were excluded, as the population would not be typical of the standard patient undergoing gastrointestinal surgery and could provide additional risk factors. Inclusion criteria were: studies of humans aged 50 years and over, studies in English, studies using a validated delirium diagnostic/assessment tool, primary research evaluating risk factors for incident/POD delirium, cohort, case-control and cross-sectional studies, and full paper published in a peer-reviewed scientific journal. Exclusion criteria were: studies relating exclusively to delirium tremens and studies based solely in intensive care.
Literature searches were undertaken between 1 January 1987 and 25 November 2014 inclusive. January 1987 was used as the start, as it corresponded with the introduction of the first validated delirium assessment tools 4, 6, 13 
Quality scoring
Methodological strength and risk of bias of included studies were assessed by two independent authors using the Newcastle-Ottawa Scale (NOS) 24 . This assesses the quality of design of non-randomized case-control and cohort studies. Scores are assigned for selection criteria, comparability and outcome (cohort) or exposure (casecontrol). A maximum score of 9 reflects highest quality.
Data analysis
For the included studies, the NICE delirium guidelines and previous review articles were used to develop an initial list of risk factors 12 -14,18 . The list was expanded as additional risk factors were identified during the review process. To analyse associations with POD, each risk factor reported in the included studies was recorded together 25 . Where there was marked heterogeneity (I 2 over 50 per cent), a random-effects model was used to pool data; for all other analyses a fixed-effect model was used 26 . P < 0⋅050 was considered statistically significant.
Results
Following removal of duplicates, there was a total of 1183 relevant articles. After title and abstract screening, 44 articles were reviewed in full and 11 were deemed suitable for inclusion in the review (Fig. 1) 27 -37 . Two 28,37 of the included papers studied risk factors not included in another study, and were therefore included in qualitative, not quantitative, analysis. Table 1 summarizes the main characteristics of the 11 studies 27 -37 . The NOS scores ranged from 6 to 9 (median 8) ( Table 1) . Poor explanation of the factors used when carrying out multivariable analysis accounted for the majority of points lost. A total of 1427 patients were studied (318 with POD, 1109 without); POD was reported in between 8⋅2 and 54⋅4 per cent of patients in the studies, with a median rate of 23⋅9 per cent. The mean age of patients included in the studies ranged from 68 to 81 years, and there was an almost equal split between women and men (691 and 736 respectively). All included studies screened for early POD within 3 days of surgery and most continued screening until All subjects were inpatients during the screening interval. The CAM 7 was used in 6 of 11 studies; the remainder used the DRS 8 , Neecham Confusion Scale 9 , the Delirium Observation Scale 10 , or DSM-III 4 or IV 5 criteria alone, or in combination.
Of the 30 risk factors analysed in meta-analysis, seven demonstrated statistical significance ( Table 2 ). There was also a statistically significant association of POD with increased duration of hospital stay (MD 4⋅56 (95 per cent c.i. 1⋅48 to 6⋅77) days; P < 0⋅001) 30, 33, 35 and increased perioperative mortality (OR 4⋅03, 95 per cent c.i. 2⋅19 to 7⋅42) 30, 32, 33, 35 .
Patients who developed POD were significantly older (OR 4⋅83, 3⋅14 to 6⋅52; P < 0⋅001) (Fig. 2) . Sex was not associated with POD in univariable analysis or meta-analysis. Combined assessment of co-morbidities and physical status, as measured by ASA fitness grade, demonstrated a significantly higher risk when the ASA grade was III or over. Patients who did not develop POD had a higher mean preoperative body mass index than those with POD, and this reached statistical significance in pooled analysis 28, 30, 33, 35 . A wide range of laboratory measurements were investigated, but only a lower albumin level was significant; in pooled analysis, the POD group had a lower mean serum albumin level (MD -0⋅50 (-0⋅75 to -0⋅26) g/dl; P < 0⋅001) 32, 35 . Two perioperative factors also affected the rate of postoperative POD in meta-analysis: need for perioperative blood transfusion (OR 3⋅17, 1⋅88 to 5⋅35; P < 0⋅001) 28, 32, 33, 35 and intraoperative hypotension (OR 3⋅06, 1⋅60 to 5⋅84; P = 0⋅007) 32, 35 . Volume of blood loss 28, 30, 32, 35 and volume of fluid infused 28, 30, 35, 36 had a range of effects across the studies, but did not have an association with POD in pooled analysis. One study 37 compared traditional surgery with that in patients randomized to a fast-track recovery pathway and reported reduced POD in the latter group.
A history of alcohol excess reached statistical significance in meta-analysis (OR 2⋅55, 1⋅28 to 5⋅06; P = 0⋅008) 30, 32, 35 . A range of other risk factors were reported, with little overlap between studies (Table S2 , supporting information).
Discussion
Eleven studies met the inclusion criteria and investigated risk factors for POD in older people undergoing gastrointestinal surgery. POD was associated with increased perioperative mortality and a longer hospital stay. Seven risk factors for POD were identified: old age, history of alcohol excess, ASA fitness grade III or more, low body mass index, lower serum albumin level, intraoperative hypotension and perioperative blood transfusion.
A better understanding of risk factors for delirium may allow stratification of patients before surgery, enabling targeting of interventions and healthcare resources, for example the Comprehensive Geriatric Assessment, a proven multidisciplinary intervention that can improve outcomes in patients with POD 38 .
Robust published data on individual risk factors were limited previously. The lack of association for certain risk factors may simply represent small sample sizes in earlier studies. Publications on POD before 2000 are rare; the majority of papers have been published in the past 5 years. Other recent surgical studies tended to focus on orthopaedic and cardiothoracic patients 7, 18, 39, 40 .
The results of the present review, with a focus on gastrointestinal surgery, were broadly in keeping with results from other settings. Two reviews 12, 13 investigating incident delirium in hospitalized patients found dementia, co-morbid physical illness, poor ability in activities of daily living, polypharmacy, urinary catheterization, low serum albumin level, biochemical abnormalities, prolonged hospital admission, depression and alcohol misuse to be significant risk factors in meta-analysis.
Major issues identified in previous reviews of POD were poor methodology and heterogeneity of risk factors 12, 13, 18 . The present review found that appropriate assessment tools were chosen and implemented at a suitable frequency. However, the issue of heterogeneity remains a problem. This review identified 95 individual possible risk factors for incident delirium described in the published literature, almost two-thirds of which were not examined in more than one study. The heterogeneity of risk factors and inconsistency in their presentation limited the quantitative analysis.
The NOS scores reflected the fact that a proportion of the papers did not include details of how multivariable analysis was conducted. By focusing the present review on a defined group of patients, as recommended previously 12 , the results are more generalizable to patients undergoing gastrointestinal surgery. However, there was substantial selection bias that may limit the external validity of the results. The NOS was not sensitive enough to reflect concerns over selection bias. Older patients were selected for the study as they are at a higher risk of POD. Patients with known risk factors such as dementia or visual or hearing impairment were excluded from some studies, with little explanation. There is a risk, therefore, that the population studied was not representative of the real-world older gastrointestinal surgery patient.
The main limitation of this review is common to many systematic reviews, namely heterogeneity bias within the selected studies. In particular, the review was susceptible to heterogeneity owing to the inclusion of some non-gastrointestinal procedures despite attempts to exclude studies in which the majority of patients did not have a gastrointestinal surgical condition. Another limitation was that only articles published in English were included, yet most of the studies were undertaken in non-English-speaking countries. Unpublished literature was not included. It was decided to limit the review to research that had been through a process of peer review. All studies assessed delirium from 3 to 7 days after surgery. Differences in duration of follow-up may have introduced bias, but the majority used 5 days and consistently demonstrated the highest rate of POD in the first 3 days. A potentially more significant difference between the methods used in the included studies was the frequency of assessment (Table 1) , which could have affected rates of detection.
Other weaknesses in the included papers were the variable quality, risk of basis, and the clinical and statistical heterogeneity between studies. The selected studies covered a range of different risk factors, which were rarely defined in exactly the same way. This resulted in 16 of the 30 potential risk factors coming from only two studies for meta-analysis, with a further six coming from only three studies. Performing meta-analyses with such small numbers of trials is prone to well described limitations 24 and, although the results for many of the risk factors were negative, this should be interpreted with caution. The only exception was intraoperative hypotension, which had a strong correlation with POD, although methods of measurement were not defined clearly. That meta-analysis contained only two trials but they were relatively large, and the biological mechanism for delirium following hypotension is well established 31 .
The pooled analysis provided a large data set of 1427 patients, 318 with POD and 1109 without, to explore associations with POD. The importance of pooling data to detect modest but important associations is evident. In univariable analysis only a few risk factors were consistently associated with POD, but pooled analysis identified several other important factors. The review focused on an important subgroup of surgical patients, as recommended previously 12 . This specific focus should give results that have direct clinical applicability to general surgical wards.
The risk factors identified in this review will aid the planning of future studies to explore the extent of their effect, but also the impact of tailored interventions. Inconsistency was seen in the present studies, particularly in measures of physical status and immobility, which have been found to be risk factors in other studies 13 . By stratifying patients, intervention studies can be planned 41 -43 , which should result in improvements in patient care 44 .
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